Introduction
Photodegradation of dyes, for example, Methylene blue [1] and methyl orange [2] on Titania under UV light illumination is known. However, simulated UV light sources devour a lot of electrical energy and the toxicity of UV light requires safety of the eyes and skin [3] [4] . Consequently, the conversion of the light absorption properties of Titania remains an important challenge [5] . Titanium dioxide TiO 2 is a most important nanomaterials which has attracted a great attention due to its unique properties. Titanium dioxide TiO 2 have excellent merits in solar energy transferring and photocatalysis of poison compounds in environment [6] . The chemical inertness and the non-toxicity of TiO 2 have also made it a superior photocatalyst [7] [8] . Titania has a large band gap (3.20 eV for anatase TiO 2 ) and therefore, only a small fraction of solar light can be absorbed [9] . The codoping of metal and non-metal into the Titania has shown affirmative results in extending the photoresponse of Titania into the visible light region and getting better charge separation [10] . This leads to improved photocatalytic activity of codoped Titania compared to single doped and undoped Titania [11] . Variation of Titania with non-metal for example sulphur, nitrogen, phosphorus, carbon, etc., introduces mid-band gap states within the band gap of titania leading to band gap narrowing and visible light absorption [12] [13] . The impregnation of metallic species such as palladium, gadolinium, lanthanum, iron, samarium, cobalt, silver, etc., has been found to improve charge separation in titania by acting as electron scavengers [14] [15] [16] .
Many attempts have been made to sensitize titanium dioxide to the whole visible region, such as doping with transition metals [17] , transition metal ions [18] , non-metal atoms [19] and organic materials [20] . Introduction of dopant allows Titania to absorb in the visible region but this does not necessarily mean that the doped catalyst has a better photocatalytic activity [21] .
In photocatalysis, light is absorbed by an adsorbed substrate. Today, semiconductors are usually selected as photocatalysts, because semiconductors have a narrow gap between the valence and conduction bands [22] . In order for photocatalysis to proceed, the semiconductors need to absorbed energy equal to or more than its energy kipping it in a silica crucible inside the muffle furnace. After sintering and slow anilling to room temperature, content was taken out from furnace and was stored in air tight bottles and was used as photocatalyst [27] .
Characterization
The physical properties of metal oxide semiconductor nanocomposites that may influence significantly their use as photocatalyst are dependent on nature of crystalline phase present. Thus, phase analysis is an important parameter for this study and the prepared samples were subjected to x-ray diffraction analysis on Powder X-Ray
Diffractometer. The observed X-Ray diffractogram of samples were analyzed further to estimate average grain size in the sample by Scherrer's calculation. Since the absorption of light by photocatalyst is the most crucial step in any photocatalysed reaction and is decided primarily by the band gap energy of material. The morphology and size of the Titania particles were analyzed by scanning electron microscopy (SEM) and transmission electron microscopy (TEM). 
Photo-degradation of dyes

Scanning Electron Microscopy (SEM)
The morphology of the samples was investigated by scanning electron microscopy and it resumes the most interesting outcomes. and lanthanum is indicating that the particle size reduce due the penetration of cobalt and lanthanum in the lattice of titanium dioxide [33] . Lanthanum are fragmentation to some extent during thermal treatment, leading to a marked increase of the BET surface areas and the average pore radius size and decreasing of the pore volume [35, 36] . In addition, the surface hydroxyl groups in TiO 2 increased with the increasing of Co and La loading, which is confirmed by increase in intensity of the corresponding peaks. The FT-IR spectra of Co:La:TiO 2 show strong band at 616 cm −1 , corresponds to the vibration of Co-O bond and confirms the penetration of Cobalt in Titania [37] .
UV-Vis spectra
Aqueous suspensions solution of the photocatalysts was used for the UV absorption studies. The absorption spectrum of TiO 2 consists of a single broad intense absorption at 371nm due to the charge-transfer from the valence band to the conduction band. The undoped TiO 2 showed absorbance in the shorter wavelength region while Co:La:TiO 2 result showed a broad peak at 407 nm in the higher wavelength (shown in Fig.7.7 ). The doping of Co and La ions into TiO 2 could shift optical absorption edge from UV to visible range, but prominent change in TiO 2 band gap was observed [38] . 
Effect of concentration of dye
Effect of dye concentration Keeping the catalyst loading concentration constant at 800 g/liter of the dye solution, the effect of varying concentration of the dye was studied on its rate of degradation (from 25 ppm to 100 ppm ) as given in Fig.7 .10. With increasing concentration of Methyl Blue the rate of degradation was found to decrease. This is because as the number of dye molecules increase, the amount of light (quantum of photons) penetrating the dye solution to reach the catalyst surface is reduced owing to the hindrance in the path of light. Thereby the formation of the reactive hydroxyl and superoxide radicals is also simultaneously reduced. Thus there should be an optimum value maintained for the catalyst and the dye concentration, wherein maximum efficiency of degradation can be achieved [41] . 
Effect of pH of solution
The photodegradation reaction was also carried out under varying ph conditions from (2 to 9), by adjusting with H 2 SO 4 and NaOH, with TiO 2 kept at constant amounts of 800 mg/ L of dye solutions ( Fig.7.12 ). The reaction was found to have low rates at acidic ranges of pH. While at pH 5 photodegradation was found maximum. This implies that less acidic conditions are favourable towards the formation of the reactive intermediates that is hydroxyl radicals is significantly enhanced, which further help in enhancing the reaction rate. On the other hand in highly acidic medium conditions for the formation of reactive intermediates is relatively less favourable and hence less spontaneous [42] . Fig.7 .14. The result shows that the recyclized photocatalyst efficiency is slightly decreased probably due to the loss of some active sites and decrease of collection efficiency of photon [45] . to the number of hydroxyl radicals formed by the photocatalysts. Higher the generation of hydroxyl radical, more will be yield of TAOH and hence more intense will be the fluorescence peak [47] . The spectra show that the intensity of peak indicating in presence of Co:La:TiO 2 higher generation of more number of hydroxyl radicals compared to TiO 2 . 
Formation of superoxide radical anion
Neutralization of OH 
Kinetic study
The pseudo-first-order rate constant (k, min 
